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A method of isolating a section of downhole tubing comprises: running 
a length of expandable tubing (20) into a tubing-lined borehole (12. 14) and 
posiuoning the expandable tubing (20) across a section of tubing to be isolated; 
deforming at least portions of the expandable tubing (36, 40) to increase the 
diameter of the portions to scalingly engage the tubing (14) and to isolate the 
tubing section. 
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METHOD AND APPARATUS FOR EXPANDING A LINER PATCH 

This invention relates to a straddle, and in 
particular a straddle for use in selectively isolating a 
section of tubing. The invention also relates to a me thod 
of isolating a section of tubing. 

in the oil a „d gas exploration and production 
industries, subsurface hydrocarbon -bearing formations are 
accessed via casing-lined wellbores. The lower section of 
a bore, which intersects the hydrocarbon-bearing formation, 
18 typicall >- lined with perforated -liner- , oil and gaa 
flowing into the bore through the perforations. The 
location of the perforations is predetermined on the basis 
of surveys, to ensure that only selected formations are in 
fluid communication with the boxe. Over the life of a well 
it may occur that the properties of particular formations 
change, for example the pressure in a formation may fall, 
or a formation may begin to produce an unacceptably high 
volume of water, m these circumstances it is known to run 
straddles into the liner, these straddles being sections of 
tubing with sealing arrangements at either end. a straddle 
may be located within the section of liner intersecting the 
problem formation, and the seals then set to isolate the 
section of liner between the seals. However, existing 
straddles are problematic to set, and the requirement to 
accommodate the seals and a seal setting mechanism result 



WO 00/37768 

PCT/GB99/04247 

2 

in a significant loss i„ »«, crQSS ' 

^ se ction, which reduces 

the production capacity of the well and i 

difficult , n alS ° makes ifc ™°re 

xffxcult to access the section of we ll bp „ 

straddle. 11 bey ° nd the 

It is among the object ive* „t 

jectives of embodiments of the 
present invention to provide an i 
. . P dS an lm P r ov e d straddle which 

obviates or mitigates these difficulty 

-cording to the present invention there ±g 
a method of isolating a section of downhole tubfng 
method comprising: 9 ' the 

running a length of expandable tubing into a tubing- 
1— -rehole and positioning the expandable tubing aero L 
a sectxon of tubing to be isolated; and 

deforming the expandable tubing k 

tubing by increasing the 

the tubmg and to iaolat, sald ,. ction 

According eo another aepect o£ che pre9ent in 
then. „ provided appataCus for nee in Uolating , eeccion 
of tu^ng-lined borehole. ehe appiratU9 compri . 
length o £ cubing; ^ eitpanaer ^ 

fading a radiaUv eatendabU ^ £or ^ 
least portions o £ * e^ndabie tubing ^ 
ax»eter o£ said portion. Co 9ealingly angage a section 

tubing to be isolated. 

Preferabiy, the ^ tubing ^ 
concessive piastic delation or y ^ „ ^ ^ 
a locaiised reduction in tubing wall ^ 
subsegnent increase in tubing conveniently this 
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la achieved by rolling expand. that ^ ^ 

device U rotated within the expandable tubing with an 
expander «e„„er in co „ cact uich ^ ^ ^ ^ 

the expandable tubing. 

The deformation of the expandable tubing preferably 
creates an annular extension. This annular exten3ion ^ 
extend over all or a substantial portion of the expandable 
tubing, or may be restricted to a selected portions of the 
expandable tubing on either side of the section of tubing 
10 to be isolated. The former arrangement will be more 

secure, but would be more difficult to remove from the 
tubing. 

The tubing lining the bore may be casing or liner, or 
may be secondary tubing, such as production tubing itself 
15 positioned within a section of casing or liner. 

The expandable tubing may include relatively ductile 
portions corresponding to the portions of the tubing to be 
expanded. These portions may be welded or otherwise 
secured to portions of less ductile tubing. 
20 The expandable tubing ifl preferably initially 

cylindrical. 

Preferably, the expander device comprises a body 
carrying a plurality of expander roller members. Most 
preferably, a plurality of the expander members are 
25 radially extendable. Preferably, the expander members are 

fluid activated, for example the members may be operatively 
associated with a piston. m one embodiment, the members 
may be mounted on respective radially movable pistons and 
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in other the members „ ay ^ ^ ^ 

piston. 

The expandable tubing may carry seal bands on an outer 
surface thereof. The seal bandg may ^ ^ ^ 

of an elastomeric seal and a band of relatively ductile 
metal, such as copper or a tin/lead alloy. 

The expandable tubing may carry grip bands on an QUter 
surface thereof. The grip bands may 

hard elements, such as balls, chips or grains, held in a 
matrix, whereby the elements bite into the relatively soft 
material of the tubing and the expandable tubing on 
deformation of the expandable tubing. In other embodiments 
the relatively hard elements may be in a form other than 
15 bands . 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figures 1 and 2 are schematic sectional views of a 
20 straddle setting operation in accordance with an embodiment 

of an aspect of the present invention; and 

Figure 3 is a schematic sectional view of a straddle 
in accordance with another embodiment of the present 
invention. 

Reference is f irst made to pigure ± Qf ^ 
which illustrates a straddle 10 in accordance with an 
embodiment of the present invention located in a section of 
a drilled bore 12 lined with perforated steel liner 14 . 
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The straddle i„ h „ b e.„ ^ inCo che ^ ^ 

p™, t fomation „ uhich is in nuid ^ 

wrth the bore via perforations la in . „ f ^ 

14 . 

The straddle 10 comprises a gectiOT ^ 
tub lng ao carryi„ g saal bands „ q£ ^ 
-« at each end. ana also g rip ba „ da 23 comprislng 
events of relatively hard material in , ^ 
auctile .atrix. Th e tubin g 20 de£lnes , soUd mu ^ 
Of sli g htly seller outsi de di.net.r than ^ ^ ^ 
initially, the tu b i„ 9 20 u o£ aub3ta „ eiaUy 
dra„eter alon g its length. The end, of the tubing 20a , 20b 

and formed of relatively ductile mo*..,, 

exy auctile metal and are welded to a 

central tubing section 20c. 

The straddle i, M into che ^ u ^ ^ ^ 

26 ' *" d " " ">* " via an expander device 

20 mounted to the lower end of the 5 tri„ g 26 . The expander 
devioe 38 comprises a body 30 c,rryi„ g thr ee radially 
movable rollers 32. The body 30 alao ^ ^ 

movable piston which is coupled to a loadi„ g oon. which 
cooperates with the tapered ends „, the rollers 3 2 
Application of elevated fluid pressure, via the tool string 
26. thus urges the rollers 32 radially outwardly. shear 
Pins 34 ooupls the straddle 10 to the expander body 30. 

in use. the straddle is run into the bora 13 on the 
tool string 26 and positioned across the g roup cf 
perforations IS to be closed off fro. the bore. Pressure 
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- th- applied to the expander 2e to ^ ^ 

3>; an initial appUcation of elevated pressure causes the 
roller. 3 2 to extend radially. and ^ loms ^ 
toward a tria^ar fotm . auch that the irM3 ^ ' 

adjacent the rollers 32 are pushed into . 

pusneo into contact with the 
inner surface of the liner 14 . T hie inl ^ ^ 

sufficient to prevent relative rotation between the 
straddle 30 and the liner ». such that when the stri„ g 26 
and the expander 2 , are rotated fro* surface the straddle 
10 is held relative to the liner » and the pins 34 she „ 
The expander 2 e then rotates within the straddle !0 „ ith 
the rollers 3 2 i n rolling contact with the inner wall of 
the tubing 2 „. T „e roll=rs 32 m ^ ^ ^ 

progressively compress the tubing wall to create a 
located reduction in wall thichnees, and a corresponding 
increase in w.U dianeter. There is thus created a annular 
section of increased tubing diameter 36 at the tubing end 
section 2 0.. as shown i„ Figure 2 , ^ 
interference fit with the surrounding l iMt 14 , the .„ 
bands 22 being deforced to a fluid-tight aeal between 

the expanded tubing 36 and the liner 14. The hard Serial 
in the grip bands 23 also aasi.ts in xeying the tubing 
section 36 to the liner 14 . There My be a degree of 
elastic and even plastic deformation of the liner „. whicn 
will serve to provide a ™, t e secure lo c.tion for the 
straddle 10. 

Following creation of the annular extension 36, the 
pressure in the tool string 26 is reduced such that the 
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rollers 32 may retract Th» 

Thfi e *P* nde r 28 is then advanced 
toward the lower end Qf sfcraddie ^ ^ 

-op 33 P rov ided on the Wr ^ of ^ 

pressure in the tool strina is th.„ • 

ring is then rncr.ss.d onee more to 
accuat. the roller. 3 2 . sno the 28 is ^ 

create a second annular section of increased dia„eter 40 

The expander 28 ray che „ deaotiv „ ed ^ ^ 
fro. the core. ieavi„ g the strsddie 10 loclced in pUce in 
the hore. and ..rving to isolate the Nation 16 from the 
bore . 

To t.„v. the straddle 10. the locking and sealing 
sections 36. < 0 m milM ^ ^ ^ 

of tubing then removed. 

in other embodiments, the i„ creased di3 ^ ^ 
36.40 may he formed . iTOltaneoUBly _ by proyiaion Q( ^ 

expanders located one at either end of the straddle 

deference is now mad. to P isure 3 o£ th . 
whtch iUustrate. a permanent straddle so in accordance 
with another embodiment of the i„ v , ncion ^ ^ ^ 
m a hore s 2 . Th , eCraddle „ ^ ^ 
suhsta„ti.u y si„ilar m^ner to th. straddle 10 descrihed 
above, however th. straddle tubing 54 has heen deformed 
along its whole length, such thst th.r. is a much Isrg.t 
ar.a of contact between th. tubing 5 4 and the surrounding 
Uner 56. and a seller loss i„ cross-section in th. li„. r 
56 from the provision of the strsddie 50. 

Those of skill i„ the art „ m ^ ^ 

above described embodiment. • of th. pr .. ent i» vantion 
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provide straddles which _ reiauveiy ^ 

construction and installation and which avoid many of the 
problems associated with prior arfc straddies 
slips and energisable elastomer seals. 

Those of skill in the art will a i 8Q recognise ^ ^ 
embodiments described herein are merely exemplary and that 
various modifications and improvements may be made thereto 
without departing from the scope of the present invention 
For example, the above described embodiments are shown 
isolating sections of formation f rom a bore l ined with 
perforated li„ er . In other embodiments> ^ ^ 

be utilised to repair damaged tubing, including riser s 
casing, liner or production tubing. The straddle may be 
run in on any suitable form of tool string, including 
reeled supports such as coiled tubing, when the straddle 
will be provided in combination with a downhole motor for 
rotating the expander 28. 
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1. A method of isolating a section „ f downhole 
the method comprising: 

running a length of expandable tubing into a tubing- 
lined borehole and positioning the expandable tubing across 
a section of tubing to be isolated; and 

deforming at least portions of the expandable tubing 
to increase the diameter of said portiong ^ 
engage the tubing and to isolate said section. 

2- The method of claim l, wherein n, 

wnerein the expandable tubing 
is deformed at least in w 

^east in part by compressive plastic 

deformaticn creating a localised reduction i„ tubi ng wall 
thicxness with a subseguent increase in tubing diameter. 

3- The method of claim 2 , wherein the deformation is 
achieved by rolling expansion, that is an expander device 
is rotated within the expandable tubing with an expander 
member in rolling contact with an inne r face of the 
expandable tubing. 

4. The method of any of the preceding claims, wherein the 
deformation of the expandable tubing creates an annuiar 
extension. 

The method of clai™ wh erein the annuiar extension 
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extols over = substantia! portion of the expandable 
tubing. 



6. The method of claim 5 , wherein the 

extends over selected portions of the expandable tu bing on 
either side of the section of tubing to be isolated. 

7. The method of any of the preceding claims, wherein the 
expandable tubing includes relatively ductile portions 
corresponding to the portions of the tubing to be expanded. 

8. The method of any of the preceding claims, wherein the 
expandable tubing is initially cylindrical. 

9. The method of any of the preceding claims, wherein the 
expandable tubing is deformed by means of an expander 
device comprising a body carrying a plurality of expander 
roller members. 

10. The method of claim 9, wherein a plurality of the 
expander members are radially extendable and the expander 
device is rotated to deform the expandable tubing. 

11- The method of any of the preceding claims, wherein 
seal bands are provided on an outer face of the expandable 
tubing and are compressed between the deformed portions of 
the expandable tubing and the surrounding tubing. 
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». ». „, thod of any o£ the preceding ^ 

grip band. co^risin g reUtively „„ d elements ^ ^ 
on - outer face o f the eltpandable ^ ^ 
between th. deforced porcio „ s o£ ^ 
the surrounding tubing. 

13. Apparatus for use in i,„ lating . se „ ion of ^ 
lined borehole, the apparatus =o»prisin g , a iengtn of 
expandable cubi„ g , and sn expandet ^ ^ ^ 
radially extendable eapander n,sn*er for defoo,i„ g at leasl 
portions of the expandable rubi„ g co Urease the 
of said portion, to sealing en g a g e a seoticn of t ubin g to 
be isolated. 

" • ^ aPPar " US ° £ " 1 — »■ »»orei„ che sender s^r 
is rotatably jounced and the a](pandar ^ ^ 

be rotatable within the expandable tubin, „ ith the 81!pand „ 
member in rolli„ g contact „i th an innar ^ q£ ^ 
expandable tubing. 

15. The apparatus of claims 13 or 14 , wherein the 
expandable tubing includes relatively ductile portions 
corresponding to the portions of the tubing to be expanded. 

16. The apparatus of claim 13, 14 or is M v, 

L * or I 5 ' wherein the 

expandable tubing is cylindrical. 



17. The apparatus of any of claims 13 to 16 , wherein 



the 



WO 00/37768 

PCT/GB99/04247 

"7 deVi " ° 0 * rt ~ . Plurality of 

expander ,e*e„ in the form o£ rollers. ' 

^ aPParatU9 ° f ° £ «>— " to „. ttherei „ . 

PlUr * llCy ° £ «" —» « ^U, extendable. 

»■ Toe apparatus o£ claim „_ ^ 
members are fluid activated. 

». The apparatus of any of claims „ to „. ^ 
thereof . 

21. The apparatus of any of claim. u to 20 . „ hereiji 

expandable tubing carries grin h an ri H 

s grip bands on an outer surface 

thereof . 

«• The apparatus of oiaim u. wherein the gr ip hands 
comprise relatively hard elects held in a matrix, hereby 
the elements bite into the rel.tiveiy soft material of the 
tubing and the expandable tubing on deformation of the 
expandable tubing. 
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